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(57) Suppressed ts deterioration in image quality 
caused by deviation in dot forming positions between 
rasters in the case of carrying out printing of adjoining 
two rasters. The rasters are printed by two columns of 
ejection openings array disposed on an ink-jet head. 
The two ^ columns of ejection openings are shffied from 
each other by a half of a pitch at which me ejection open- 
ings are arrange 

image data o^antfced Into multi-valued levels to 2 x 2 
dot array as pseudo natf-tohe processing before print- 



ing, the mutually different plural dot arrangements are 
applied concerning each level of the Input image data, 
and the plural dot arrangements are cyclically changed 
in the main scanning direction according to pr^etei> 
mined rulesv alr^^ 

izing the number of said adjoining the two raster dots is 
property performed iri the one cycle Thus, differences 
in a covering ratio of the jpirintihg medium Wrth foiled 
dots can be put to 10% or less in a range where the 
adjoining two rasters are deviated from each other by at 
least ±2 pixels in the scanning direction 
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Description 

[0001 ] The present invention relates to a printing 
method and a printing apparatus, and ^ particularly sufc 
ed for adjusting the positions of ink dots in a printing 
apparatus of an ink jet system, in addition to general 
printing apparatus, the present invention can also be ap- 
plied to copying machines, facsimiles with a communi- 
cation system, word processors with a printer, and in- 
dustrial printing apparatus combined with a variety of 
processing devices. 

[0002] An image printing apparatus of so-called serial 
scan type, which executes the print operation while 
scanning a print head, or a printing unit, over a print me- 
dium, has found a variety of image forming applications. 
The ink jet printing apparatus in particular has in recent 
years achieved high resolution and color printing, mak- 
ing a significant image quality improvement, which has 
resulted in a rapid spread of its use. Such an apparatus 
employs a so-called multi-nozzle head that has an array 
of densely arranged nozzles for ejecting ink droplets 
Images with still higher resolution has now been made 
possible by increasing the nozzle density and reducing 
the amount of ink per dot. Further, to realize an image 
quality approaching that of silver salt picture, various 
technologies have been developed, including the use of 
pale or light color ink with reduced density in addition to 
four basic color inks (cyan, magenta, yellow and black). 
A print speed reduction problem, which is feared to arise 
as the picture quality advances, is dealt with by increas- 
ing the number of print elements, Improving the drive 
frequency and employing a bi-directional printing tech- 
nique, thus realizing a satisfactory throughput. 
[0003] Fig. 1 9 schematically shows a general con- 
struction of a printer that uses the multi-nozzle for print- 
ing; In the figure, reference number 1901 represents 
head cartridges corresponding to four inks, black (K), 
cyan (G), magenta (M) and yellow (Y). Each head car- 
tridge 1901 consists of an ink tank 1902T filled with a 
corresponding color Ink and a head unit 1902H having 
an array of many nozzles for ejecting the ink supplied 
from the ink tank onto a print medium 1907. 
[0004] Designated 1 903 is a paper feed roller which, 
in cooperation with ah auxiliary roller 1904, clamps a 
print medium (print paper) 1907 and rotates in the direc- 
tion of arrow in the figure to feed the print paper 1907 in 
the Y direction as required. Denoted 1905 is a pair of 
paper supply rollers that clamp the print paper 1 907 and 
carries it toward the print position. The paper supply roll- 
ers 1905 also keep the print paper 1907 fiat and tight 
between the supply rollers and the feed rollers 1903, 
1904. ' 

[0005] Designated 1906 is a carriage that supports 
the four head cartridges 1901 and moves them in a main 
scan direction during the print operation. When the print- 
ing is not pe rformed or du ring an in k ejection perform- 
ance recovery operation for the head unit 1 902H, the 
carriage 1906 is set at a home position h indicated by a 



dotted line. 

[0006] The carriage 1906, which was set at the home 
position h before the print operation, starts moving in the 
X direction upon reception of a print start command and 
at the same time the head unit 1902H ejects ink from a 
plurality of nozzles (n nozzles) formed therein according 
to print data to perform printing over a band of a width 
corresponding to the length of the nozzle array When 
the printing is done up to the X-direction end of the print 
paper 1 907, the carriage 1906 returns to the home po- 
sition h in the case of one-way printing and resumes 
printing in the X direction. In the case of bi-directional 
printing, the carriage 1 906 also performs printing while 
it is moving in a -X direction toward the home position 
h. In either case, after one print operation (one scan) in 
one direction has been finished before the next print op- 
eration is started, the paper feed roller 1903 is rotated 
a predetermined amount in the direction of arrow in the 
figure to feed the print paper 1907 in the Y direction a 
predetermined distance (corresponding to the length of 
the nozzle array). By repeating the one-scan print oper- 
ation and the print paper feeding by a predetermined 
distance, data for one sheet of paper is printed. 
[0007] In the above serial type ink jet printer, various 
provisions have been made as to the construction of the 
head unit or the printing method in order to realize an 
image printing with higher resolution. 
[0008] For example, the manufacture of the multi-noz- 
zle head inevitably places a limit on the density of the 
nozzles in a single nozzle array. 
[0009] Fig. 20A shows an example head that realizes 
a higher nozzle density. This head has two columns of 
nozzles extending in the Y direction and spaced a dis- 
tance px (corresponding to a predetermined number of 
pixels) apart in the X direction. The two nozzle columns, 
each consisting of many nozztes arranged at a prede- 
termined pitch py in the Y direction, are shifted from 
each other by a distance py/2 in the Y direction. This 
arrangement of the nozzles realizes a resolution two 
times higher than that achieved by a' single nozzle col- 
umn. When this head is applied to the apparatus shown 
in Fig, 19, the heads having the construction shown in 
Fig. 20A for one color can be arranged in parallel in the 
X direction for six colors. In this arrangement, simply ad- 
justing the ejection timings of the two nozzle columns 
can achieve a color printing with two times the resolution 
of the single nozzle column. 

[0010] In other technologies, such as USP 4920355 
and Japanese Patent Application Laid-open No. 
7-242025 (1995), a high resolution printing is realized 
by setting the paper f eed distance for each print scan to 
a predetermined number of pixels less than the length 
of the column of nozzles while leaving the multi-nozzle 
arrangement at a low resolution. Such a printing method 
ss is hereinafter called an interlace printing method, 

[0011] The interlace printing method will be briefly ex- 
plained by referring to Fig. 21: Here let us take up an 
example case where an image with resolution of 1200 
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arranged at a pitch of ;300 DP^ For the 

it is assumed that the. head has nine nozzles and that 



scan is nine pixels at 1 200-DPI resolirtion. The rasters 



not fixed, therefore; this method has an effect to reduce 
an pseudo-contour or what is called 'sweep-up phe- 
nomenon" etc. appearing on the edge part of an Image 
when pseudo half-tbhe processing Is <^r\^<^i-^q^er 
s over, this printing method is also effective to average the 



the rasters printed in the backward pass are shown as 
dashed lines; Thesd i two kinds of lines are i formed alter- 

[0012] While in this example the paper is fed a fixed 
distance of 9 pixels at 1200-DPI resolution, other ar- 



ts printed with a plurality of print scans arranged at a 
pitch finer than the arrangement pitch of the nozzles 
themselves. 1n either case, an image can be printed with 
a higher resolution than the nozzle arrangement reso- 

[0013] By the various methods explained above, it 
has been realized to print an image with resolutions 
higher than a nozzle array. 

[0014] On the other hand, a printing resolution of a 
printer is not necessarily equal to an input resolution 
from a host device as an image data supply source. Re- 
cent printers permit printing according toplural input res- 
olutions; For example, when high speed processing is 
desired, it is possible even for a printer with a resolution 



device if an image data is inputted with a resolution of 
300DPL In such a case, 17 ieveis which can be ex- 
pressed by 4 x 4 pixels, in practice, are reduced to 2 

Moreover, even if a printing of high quality im- 



to transmit an image data of 1200DPI. In this case, a 
method has already been proposed and brought Into 
practice, wherein ia multi-valued image ts inputted be- 
forehand with a resolution of 600DPI, data amount 
thereof is aquarter of that of 1 200DPI, and is represent- 
ed in multi-levels in 2 X 2 areas for printing. As one of 
the examples thereof, the technique disclosed in the 
Japanese Patent Application Laid-open No. 9-466522 
(1 997) will be explained below. 

[0016] Fig. 22 shows an example disclosed in the 



[0017] Such a printing method is effective especially 
for a high resolution printing device. For a printer intend- 
ed for realizing a photographic image, an input resolu- 

io tion higher than a degree of visual resolution is not nec- 
essary, but it is rather effective to improve tone of indi- 
vidual pixels as far as a resolution of about 600DPI can 
be obtained. 4f the tone is further increased by using 6 
color inks containing the aforementioned light inks, 

is granular impression is decreased and a smoother im- 



[0018] As opposed to this, when ah output of a fine 
monochrome character or pattern is desired, it is pref- 
erable to print a 2-valued image at a degree of an input 
20 resolution as the highest resolution of the printer. Thus, 
it becomes possible to cope with various prints accord- 
ing to uses while using the same printer. 
[0019] When a head as shown in Fig. 20 A is used, 
because even-numbered rasters and odd-numbered 
2S rasters that are alternated in the Y direction (sub-scan 
direction) are printed by different columns of nozzles, 
the landing positions of ink droplets from the two col- - 
urms of nozzles may deviate subtly from the correct po- 
sitions, degrading the image quality. One of possible 
30 causes for this problem may be explained as follows. 
When a head face on which nozzles are formed is de- 
formed due to swelling with ink or temperature rise, 
causing a j 

35 nozzle column associated with the even-numbered 
rasters to bulge, as shown in Fig. 20B, the ink droplets 
from the respective nozzle columns will be projected in 
two different cfirectk^s ^lightly away from each other 



40 due td ^is pheno>Tienoh, even if ;Stnall In rr^j^itude 0 will 
have bad effects on the image quality, and a fine image 
obtained by using the binarization method like an error 
diffusion method is particularly deteriorated in the qual- 
ity. Such an image is keeping the whole smoothness by 

45 



in an input data with a resolution of 300DP1 Is printed 
with 800DPL In the case that an output resolution of a 
printer Is 600DP1 to an input resolution of 300DPI from 
the host device, the printer can represent the output in 
5-va1ued gradations by 2 x 2 dot arrangement. When 
the 5 values are defined as "level 0" to "level 4", plural 
patterns can be represented in each of the levels except 
■level 0" and "level A f as shown m the figure The Jap- 
anese Patent Application Laid-open No. 9-46522;(1 997) 
discloses the cohtients 

ranged sequentially or at random. In such a manner, a 
dot arrangement for forming a pixel at each gradation is 



arrangement; 

the even-numbered rasters and a layer of the odd-num- 



so impression on the whole image. 

[0020] Many proposals have been put forward as to 



among different colors and, in the bi-directional printing, 
the method of correcting; deviations in ink landing pbsi- 
5$ tion of the same color between the forward scan and the 
backward scan: However/as for the correct^ 
landing position deviations between the rasters of the 

" i: 20A, an 
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effective adjustment method has yet to be proposed al- entire image, and is rather conspicuous, 

though the allowable range for the deviation is narrow : [0026] The present invention is made considering the 

a np" the effects of such the deviations on the image for- above-mentioned problems, and the purpose of the in- 

mation are large, yention is to make ft possible to suppress deterioration 

[0021] Further, the deviation in ejection direction be- s in image quality caused when dot forming positions are 

tween the even-numbered nozzle column and the odd- deviated from each raster, while using a head compris- 

numbered nozzle column is caused by the ink compo- ing plural ejection openings arranged in the main scan- 

sition, ink ejection history such as ejection frequency, ning direction and permitting high resolution printing, or 

and printing environment, as well as the characteristic while bi<iirectionalty executing. an interlace printing 

variations of individual heads. For example, when print- 10 method. 

ing is done successively, such a phenomenon is brought {0027] In a first aspect of the present invention, there 

about as the printing head is increased in temperatures is provided a printing method using a print head on 

and the inks are decreased in the viscosity, and -this re- which a plurality of print elements are arranged, the 

suits in an increase in an ink ejection speed. As the head method comprising the steps of: 

is raised in temperatures, so the deviation amount also is 

varies according to the temperature rises, however, forming an image on a printing medium by scanning 

since the variation returns to the former state when the the print head in a direction different from the ar- 

printing is completed and the temperature is lowered, it ranging direction of the plurality of print elements 

has been impossible to follow this variation even though and forming adjoining N rasters of the image in the 

an adjusting mechanism by user is provided, 20 arranging direction under different conditions; and 

[0022] Such a problem may occur in the above inter- allocating input image data quantized into multi-val- 

Jace printing method. In the interlace printing method, ued levels to N X N dot arrangements as pseudo 

because the same image area is completed by repeat- half-tone processing before the image formation; 

ing the print scan and the paper feed a plurality of times, the allocating step having the steps ot 

the printingtime will increase. To cope with this problem, zs applying a plurality of the dot arrangements mutu- 

a bi-directional printing has been proposed and dis- ally different from each other to a same level of the 
closed, ^ rasters are often input image data; 

printed by the forward scans and the even-numbered cyclically changing the dot arrangement in the scan 

rasters by backward scans, as shown in Rg. 21 . If the . direction according to predetermined rules, and 

ink landing positions deviate from one raster to another, 30 equalizing the number of dots of the adjoining N 

the similar problem to that when the head of Fig. 20A is rasters in the one cycle, 

[0023] Although many methods for correcting the [0028] In a second aspect of the present invention, 

landing position deviation between forward printing and there is provided a printing apparatus using a print head 

backward printing were already proposed, they have 35 on which a plurality of print elements are arranged, the 

been still incomplete in timely and property coping with apparatus comprising: 
the problem that the ejection speed Increases as; the 

temperature rises. a unit for forming an image on a printing medium by 

[0024] tt^ scanning the print head in a direction different from 

anese Patent Application Laid-open No. 9-46522(1997) *o the arranging direction of the plurality of print ele- 

is applied, the problem of deterioration in image quality ments and forming adjoining N rasters of the image 

can be relaxed to some extent. However, the proposal in the arranging direction under different conditions; 

has not originally been intended for improving the land- and 

ing position deviation between even- and odd -n urn- a unit for allocating input image data quantized into 

bered rasters, and satisfactory position adjustment for 45 multi-valued levels to N X N dot arrangements as 

forming dots between even- and odd-numbered rasters pseudo half-tone processing before the image for- 

has not been examined, mation; the allocating unit applying a plurality of the 

[0025] Moreover, the above mentioned Application dot arrangements mutually different from each oth- 

has also disclosed the contents for varying plural pat- er to a same level of the input image data, cyclically 

terns at random. If this proposal is applied to the above so changing the dot arrangement in the scan direction 

problem, an effect can surely be expectable, however, according to predetermined rules, and equalizing 

circuitry for generating plural patterns at random be- the number of dots of the adjoining N rasters in the 

comes necessary, and moreover, it is anticipated that one cycle, 
the circuitry will be rather complex. Although the above 

mentioned Application proposes to generate plural patr ss [0029] 1n a third aspect of the present invention, there 

ters at random, as long as there is a limit to a memory is provided a control method of a printing apparatus for 

for supplying the plural patterns, it is also presupposed printing by using a print head on which a plurality of print 

that a large cycle appears in the patterns in view of an elements are arranged, the method comprising the 
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steps of: 



of ah image iri the arrahging 
of print elements under different conditions when 
the image on a printing medium is formed by scan- 
ning the print head in a direction ditferent from the 
arranging direction; and 



ued levels to N x N dot arrangements as pseudo 
half-tone processing before the image formation; 
the allocating step having the steps of: 



ally different from each other to a same level of the 
input irM^darta; 



direction according to predetermined rules, and 
equalizing the number of dots of the adjoining N 
rasters in the one cycle. 

[0030] in a fourth aspect of the present invention, 
there is provided a program for performing a control 
method of a printing by means of a computer, the appa- 
ratus for printing by using a print head on which a plu- 
rality of print elements are arranged, the method com- 



of an 



of print elements under different conditions when 
the image on a printing medium is formed by scan- 
ning the print head in a direction different from the 
arranging direction; and 



i, and 



and image formation may be carried put by relatively 
transporting the printing medium in a direction perpen- 
dicular to ithe scan directions by quantities for printing 
at a density higher than the arranging density of the plu- 
s rality of print elements between the forward and back- 
ward scanning, and the printing of the N{= 2) rasters 
may be carried out by the scanning in the forward and 
backward directions. 

[0034] The above method or apparatus may further 
10 comprises a step of or means for carrying out an adjust- 
ment of drive timings to the plurality of print elements in 
the N rasters. 

[0035] The print head may be the one which carries 
out printing by ejecting ink, and the print elements may 

?^ / ^ 

[0036] • Here, the print head may have heating ele- 
ments to generate thermal energy for causing film boil- 
ing in ink as aih energy for ejecting ink from the ejection 
openings. 

20 {0037] The above and other objects, effects, features 
and advantages of the present invention will become 



25 



30 



ued levels to N x N dot arrangements as pseudo 
half-tone processing before the image formation; 
the allocating step having the steps of; 
applying a plurality of the dot arrangements mutu- 
ally different from each other to a same level of the 
input image data; 



equalizing the number of dots of the adjoining N 
rasters in the one cycle. 

In any one of the above aspects, in the equal- 
ization, differences in a covering ratio of the printing me- 

In: 



"eachl . 

[0032] the print head may have N columns of print 
elements arranged side by side in the scan direction, 
the N columns of print elements may be shifted from 
each other by an amount less than a pitch at which the 
print elements are arranged in the column, and the N 
columns of print elements may print the N rasters. 
The print head may be operated Jo scan the 
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iments thereof taken in 
nying drawings. 

Fig. 1 is a perspective view showing an external 
construction o1 an ink jet printer as one embodiment 
of the present invention; 

Fig. 2 is a perspective view showing the printer of 
Fig. 1 with an enclosure member removed; 
Fig. 3 is a perspective view showing ah assembled 
print head cartridge used in the printer of one em- 
bodiment of the present invention; 
Fig. 4 is an exploded perspective view showing the 
print head cartridge of Fig. 3; 
Fig. 5 Is an exploded perspective view of the print 
head of Fig. 4 as seen diagonally below, 
Figs. 6A and 6B are perspective views showing a 
construction of a scanner cartridge upside down 
which can be mounted in the printer of one embod- 
iment of the present invention instead of the print 
head cartridge of Fig. 3; 

Fig. 7 is a block diagram schematically showing the 
overall configuration of an electric circuitry of the 
printer according to one embodiment of the present 
invention; 

Fig. 8 is a diagram showing the relation between 
Figs. 8 A and 8B, Figs. 8 A and 8B being block dia- 
grams representing an example inner configuration 
of a main printed circuit board (PCB) in the electric 
circuitry of Fig. 7; 

Fig. 9 is a diagram showing the relation between 
Figs. 9A and 9B, Figs. 9A and 9B being block dia- 
grams representing an example inner configuration 
of an application specific integrated circuit (ASIC) 
. in the main PCB of Figs, 8A and 8B; 
Fig. , 10 is a flow chart showing an example of oper- 
ation of the printer as one embodiment of the 
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present invention; : : 

Fig, 11 is a schematic diagram showing an example 

bf npzzle arrangement on the print head used in one 

emb^iment of the present invention; 

Figs. 1 2A to 1 2C illustrate examples each showing s 

a dot arranging pattern defined to different input 

gradation levels and the states of dot formation by 

the head shown in Fig. 11 with comparing them 

each other; 

Fig. 13A to 13C illustrates other examples each 10 
showing a dot arranging pattern defined to different 
input gradation levels and the state of dot formation 
by the head shown in Fig. 11 comparing them with 
each other; 

Figs. 1 4A to 1 4D, in the case of using the dot ar- is 
ranging patterns ishown in Fig. 1 3A,iliustrate the 
states in vtoich only an eyen^umbered raster is 
shifted to the left by one pixel to three pixels from 
the state without deviation in dot forming position, 
in order to explain a harmful influence when devia- 20 
tion in dot forming position occurs between the 
ever*- and odd-numbered rasters; 
Fig. 15 is a chart for explaining a relation between 
deviation amount of dot forming position and a cov- 
ering ratio on a printing medium; : M 
Fig 16A to 16G illustrate examples each showing 
dot arranging patterns of a first and second embod- 
iments in accordance with the present invention de- 
fined to different input gradation levels andthe state 
of dot formation by the head shown in Fig. 11 com- 30 
paring them with each other; 
;Figs. 17A to 17D, in the case of using the dot ar- 
ranging patterns shown in Fig. 1 6A, illustrate the 
states in which only an even-numbered raster is 
shifted to the left by one pixel to three pixels from 55 
the state without deviation in dot forming position, 
In order to explain a harmful influence when devia- 
tion j« dot forming position occurs between the 
even- and odd-numbered rasters or wheri;deivtetlpn: : K:::gv 
tn ^t forrning position occurs in bi-directional print- 40 
ihg; 5 

Figs. 18A to 180, in the case of using the dot ar- 
ranging patterns shown in Fig. 16 A, illustrate the 
states in which only an even-numbered raster is : 
shifted to the left by one pixel from four pixels to 4 $ 
seven pixels in dot forming position, in order to ex- 
plain a harmful influence when deviation in dot form- 
ing position occurs between the even- and odd- 
numbered rasters or when deviation in dot forming 
position occurs in bi-directional printing; ; so 
Fig : : 1 9 is a perspective view showing simplified se- 
rial type color printer; 

Figs. 20A and 20B are a diagram showing an ex- 
ample of nozzle arrangement on the print head to 
realize a high resolution and a diagram sh a ss\ 
problem in realizing the high resolution, respective- 
ly: 

Fig. 21 is a schematic diagram fbre^ 



terlace printing method adopted in a still another 
embodiment of the present invention.. 
Fig. 22 illustrates dot arranging patterns in 2x2 
pixels for a pseudo half-tone expression; 
Fig. 23A is a flow chart showing an example se- 
quence of steps for a user registration ; 
Fig 23B is a schematic diagram showing a system 
comprising a host device and a printing apparatus 
to illustrate mainly a flow of data in the process of 
Fig. 16 A; and 

Fig. 24 is an example pattern output during the proc- 
ess of the user registration of Fig. 16A. 

[0038] Embodiments of the printing apparatus ac- 
cording to the present invention will be described by re- 
ferring to the accompanying drawings. 
[0039] in the following description we take up as an 
example a printing apparatus using an ink jet printing 
system.- 

[0040] In this specification, a word 'print' (or 'record') 
refers to not only forming significant information, such 
as characters and figures, but also forming images, de- 
signs or patterns on printing medium and processing 
media, whether the information is significant or insignif- 
icant or whether it is visible so as to be perceived by 
humans. 

[0041] The word "print medium' or "print sheet" in- 
clude not only paper used in common printing appara- 
tus, but cloth, plastic films, metal plates, glass, ceram- 
ics, wood, leather or any other material that can receive 
ink. This word will be also referred to "paper*. 
[0042] Further, the word "ink' (or "liquid") should be 
interpreted in its wide sense as with the word "print" and 
refers to iiqu id that is applied to the printing medium to 
form images, designs or patterns, process the printing 
medium or process ink (for example, coagulate or make 
insoluble a colorant in the ink applied to the printing me- 
dium). 

1. Apparatus Body 

[0043] Figs. 1 and 2 show an outline construction of 
a printer using an ink jet printing system In Fig. 1, a 
housing of a printer body M 1 000 of this embodiment has 
an enclosure member, including a lower case M1 001 , 
an upper case M 1002, an access cover M1003 and a 
discharge tray M 1004, and a chassis M301 9 (see Fig. 
2) accommodated in the enclosure member. 
[0044] The chassis M3019 is made of a plurality of 
plate-tike metal members with a predetermined rigidity 
to form a skeleton of the printing apparatus and holds 
various printing operation mechanisms described later. 
[0045] The tower case Ml 001 forms roughly a lower 
half of the housing of the printer body M10Q0 and the 
upper case M1002 forms roughly an upper half of the 
printer body M 1000: These upper and lower cases, 
when combined, form a hollow structure having an ac- 
commodation space therein to accommodate various 
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mechanisrris described later. The printer bipdy M 1000 2.1 Print Head Cartridge 
has an opening in its top portion and front portion. : 

[0046] The discharge tray M1 004 has one end portion [0052] First, the print head cart^^ the print 
thereof rotatably supported on the lower case M1001 unit will be described with reference to Figs. 3 to 5. 
The discharge tray M1004, when rotated, opens or clos- s [0053] The print head cartridge H1Q00 in this embod- 
es an opening formed in the front portion of the lower iment, as shown in Fig. 3, has an ink tank H1900 con- 
case M1001. When the print operation is to be per* taining inks and a print head Hi 001 for ejecting ink sup- 
formed, the discharge tray M1004 is rotated forwardly plied from the ink tank H1900 out through nozzles ac- 
to open the opening so that printed sheets can be dis- cording to print information. The print head H 1001 is of 
charged and successively stacked The discharge tray 10 a so-called partridge type In which it is removably mount- 
M1004 accommodates two auxiliary trays; Mt 004a, ed to the carriage M4001 described later. 
M1 004b. These auxiliary trays can be drawn out for- [0054] The ink tank for this print head cartridge H 1000 
wardly as required to expand or reduce the paper sup- consists of separate ink tanks H1900 of, for example, 
port area in three steps. black, light cyan, light magenta, cyan, magenta and yel- 
[0047] The access cover M1 003 has one end portion is low to enable color printing with as high an image quality 
thereof rotatably supported on the upper case M1002 as photograph. As shown in Fig. 4, these individual ink 
and opens or closes an opening formed in the upper sur- tanks are removably mounted to the print head H1001 . 
face of the upper case M1002. By opening the access [0055] Then, the print head H1001, as shown in the 
cover M1003, a print head cartridge H1000 or an ink perspective view of Fig. 5, comprises a print element 
tank H1900 installed in the body can be replaced. When 20 substrate H1100, a first plate H1200, an electric wiring 
the access cover M1O03 is opened or closed, a projec- board H1300, a second plate H1400, a tank holder 
tion formed at the back of the access cover, not shown H1500, a flow passage forming member H1600, a filter 
here, pivots a cover open/close lever. Detecting the piv- H1700 and a seal rubber H1B00. 
otal position of the lever as by a micro-switch and so on [0056] The print element silicon substrate H1 100 has 
can determine whether the access cover is open or zs formed in one of its surf aces, by the film deposition tech- 
dosed, nology, a plurality of print elements to produce energy 
[0048] At the upper rear surface of the upper case for ejecting ink and electric wires, such as aluminum, for 
M1002 a power key E0018, a resume key E0019 and supplying electricity to individual print elements. A plu- 
an LED E0020 are provided. When the power key rality of ink passages and a plurality of nozzles H1100T, 
E 001 8 is pressed, the LED E0020 lights up indicating to 30 both corresponding to the print elements, are also 
an operator that the apparatus is ready to print The LED formed by the photolithography technology. In the back 
EQ020 has a variety of display functions, such as alert- of the print element substrate H1100, there are formed 
ing the operator to printer troubles as by changing its ink supply ports for supplying ink to the plurality of ink 
blinking intervals and color. Further, a buzzer E0021 passages. The print element substrate H 11 00 is secure- 
{Fig 7) may be sounded. When the trouble is eliminated, os ry bonded to the first plate H1200 which is formed with 
the resume key £001 91s pressed to resume the printing. ink supply ports H1 201 for supplying ink to the print el- 
ement substrate H1 1 00. The ftrstptate H1 200 is secure- 
2. Printing Operation Mechanism ry bonded with the second plate H1 400 having an open- 
ing. The second plate H1400 holds the electric wiring 
[0049] Next, aprinting operation mechanism installed ^ board H1300 to electrically connect the electric wiring 
and held in the prirrter body M1 000 according to this em- board H1300 with the print element substrate H1 100. 
bodiment will be explained. The electric wiring board H1 300 is to apply electric sig- 
[0050] The printing operation mechanism in this em- nals for ejecting ink to the print element substrate 
bodiment comprises: an automatic sheet feed unit H11 00, and has electric wires associated with the print 
M3022 to automatically feed a print sheet into the printer 45 element substrate H1100 and external signal input ter- 
booy a sheet transport unit M3029 to guide the print mlnate H1301 situated at electric wires' ends for receiv- 
sheets, led one at a time from the automatic sheet feed ing electric signals trom the printer body. The external 
unit, to a predetermined print position and to guide the signal input terminal s,H1 301 are positioned and fixed at 
print sheet from the print position to a discharge unit the back of a tank holder H1500 described later. 
M3030; a print unit to perform a desired printing on the so [0057] The tank holder H1500 that removably holds 
print sheet carried to the print position; and an ejection the inktank H1900 is securely attached, as by ultrasonic 
performance recovery unit M5000 to recover the ink fusing, with the flow passage forming member H 1600 to 
ejection performance of the print unit. form an ink passage H1501 fromthe ink tank H19001o 
[0051] Here, the print unit will be described. The print the first plate H1 200. At the ink tank side end of the ink 
unit comprises a carriage M4001 movably supported on ss passage H1501 that engages with the ink tank H1900, 
^ carriage sriaftM4021 and a print head cartridge H 1 060 a filter H1 700 is provided to prevent external dust from 
removably rriounted on the carriage M4001 entering A seal rubber H1 800 is provided at a portion 

where the fitter H 1700 ^rigages the ink tank H 1900, to 
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prevent evaporation of the inkfrqm the engagement por- 
tion, 

[0058] As described above, the tank holder unit, 
which includes the tank holder H 1500, the flow passage 
forming member H1600. the filter H1 700 and the seal 
rubber HI 800, and the print element unit, which includes 
the pnnt element substrate H 11 00, the first plate HI 200, 
the electric wiring board H1 300 and the second plate 
H1400, are combined as by adhesives to form the print 
head H1 001. 

2.2 Carriage 

[0059] Next, by referring to Fig. 2, thecarriage M4001 

carrying the print head cartridge 

plained. 

[0060] As shown in Fig. 2, the carriage M4001 has a 
carriage cover M4002 lor guiding the print head H1001 
to a predetermined mounting position on the carriage 
M4001 , and a head set lever M4007 that engages and 
presses against the tank holder H 1 500 of the print head 
H 1 001 to set the print head H 1 001 at a predetermined 
mounting position. 

[0061] That is, the head set lever M4007 is provided 
at the upper part of the carriage M4001 so as to be piv- 
otable about a head set: lever shaft) There is a spring- 
loaded head set plate (not shown) at an engagement 
portion where the carriage M4001 engages the print 
head H1001. With the spring force, the head set lever 
M4007 presses against the print head H1001 to mount 
it on the carriage M4001 . 

[0062] At another engagement portion of the carriage 
M4001 with the print head H1001 , there is provided a 
contact flexible printed cable (see Fig. 7: simply referred 
to as a contact FPC hereinafter) E0011 whose contact 
portion electrical^ contacts a contact portion (external 
sigr^ input terininals) H1 301 provided in the print head 
H1001 to transfer various information for printing and 
supply electricity, to the print head H1 001 . 
[0063] Between the contract portion of the contact 
FPC E0011 and the carriage M4001 there is an elastic 
member not shown, such as rubber. The elastic force of 
the elastic member and the pressing force of the head 
set lever spring combineto ensure a reliable contact be- 
tween the contact portion of the contact FPC €00.11 and 
the carriage M4O01. Further, the contact FPC £0011 is 
connected to a carriage substrate E00 13 mounted at the 
back of the carriage M4001 (see Fig. 7). 

3. Scanner 

[0064] The printer of this embodiment can mount a 
scanner in the carriage M4001 in place of the print head 
cartridge H1000 and be used as a reading device, 
[0065] The sca^ carriage 
M4001 in the main scan direction, and reads an image 
on a document fed instead of the printing medium as the 
scanner moves ^ direction: Alternating 



the scanner reading operation in the main i ^aB direction 
and the document feed in the sub-scan direction ena- 
bles one page of document image information to be 
read; 

s [0066] Figs. 6A and 6B show the scanner M6000 up- 
side down to explain about its outline construction. 
[0067] As shown in the figure, a scanner holder 
M6001 is shaped like a box and contains an optical sys- 
tem and a processing circuit necessary for reading. A 

10 reading lens M6006 is provided at a portion that faces 
the surface of a document when the scanner M6000 is 
mounted on the carriage M4001 . The i lens M6QQ6 focus- 
es light reflected from the document surface onto a read- 
ing unit inside the scanner to read the document image. 

1S An illumination Jens M6005 has a light source not shown 
inside the scanner. The light emitted from the light 
source is radiated onto the document through the lens 
M6005. 

[0068] The scanner cover M6003 secured to the bot- 

20 torn of the scanner holder M6001 shields the interior of 
the scanner holder M6001 from light, touver-like grip 
portions are provided at the sides to improve the ease 
with which the scanner can be mounted to and dis- 
mounted from the carriage M4001. The external shape 

25 of the scanner bolder M6001 is almost similar to that of 
the print head H1001, and the scanner can be mounted 
to or disrnounted; from the carriage M4001 in a manner 
similar to that of the print head H1001. 
[0069] The scanner holder M6001 accommodates a 

30 substrate having a reading circuit, and a scanner con- 
tact PCB M6004 connected to this substrate is exposed 
outside. When the scanner M6000 is mounted on the 
carriage M4001, the scanner contact PCB M6004 con- 
tacts the contact FPC E0011 of the carriage M4001 to 

35 electrically connect the substrate to a control system on 
the printer body side through the carriage M4001 . 

4; Example ^ 

4° 10070] Next, an electric circuit configuration ini ^is 
embodiment of the invention will be explained. 
[0071] Fig. 7 schematically shows the overall config- 
uration of the electric circuit in this embodiment. 
[0072] The electric circuit in this embodiment conv 

4$ prises mainly a carriage substrate (CRPCB) E0013, a 
main PCB (printed circuit board) €0014 and a power 
x . supply unit E0015. .,' 

[0073] The power supply unit E0015 is connected to 
the main PCB E0014 to supply a variety of drive power. 

so [0074] The carriage substrate E001 3 is a printed cir- 
cuit board unit mounted on the carriage M4001 (Fig. 2) 
and functions as an interface for transferring signals to 
and from the print head through the contact FPC E0011. 
In addition, based on : a pulse signal output from an en- 

55 coder sensor E0004 as the carriage M4001 moves, the 
carriage substrate E 001 3 detects a change in the posi- 
tional relation between an encoder scale E0005 and the 
encoder 6ensorE0004 and sends its output signal to the 
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main PCBE00T4 through a flexible flat cable (CRFFC) 
E0012. 

[0075] Further, the main PCB E0014 is a printed cir- 
cuit board unit that ccrrtrols cp 



and has I/O ports for a paper end sensor (PE sensor) 
E0007, an automatic sheet feeder (ASF) sensor E0009, 
a cover sensor E0022, a parallel interface (parallel l/F) 
E0016, a serial interface (Serial l/F) £0017, a resume 
key E0019, an LEO E0020, a power key E0018 and a 
buzzer E0021. The main PCB E0014 is connected to 
and controls a motor (6R motor) E0001 that constitutes 
a drive source for moving the carriage M4001 in the 
maih scan direction, a motor (LF motor) E0002 that con- 
stitutes a drive source for transporting the printing me- 
dium; and a i 



print head and feeding the printing medium. The main 
PCB E0014 also has connection interfaces with an ink 
empty sensor E0006, a gap sensor E0008, a PG sensor 
E0010, the CRFFC E0012 and the power supply unit 
E0015. 

[0076] Fig. 8 is a diagram showing the relation be- 
tween Figs. 8 A and 8B, and Figs. 8A and 8B are block 
diagrams showing an inner configuration of the main 
PCBE0014. 

[0077] : Helerence number Eiqoi represents a CPU, 



an oscillation circuit E1005 to generate a system clock 



strata E001 3. 
[0070] 
es a 



motor E0001. E 1 009 designates an LF/PG motor driver 
which uses the motor power supply E^S^ to giaiherate 
an LF motor drive signal E1 035 according toa pulse mo- 

.5 . tor control signal (PM control sio^al) E1033 from the 

^ ASIC Elb06; to pvWe the U- mcrtqr. ^ 

driver E1009 also generates a PG motor drive signal 

: ; E1 034 to drive the PG motor. 

[00801 Designated E 1010 is a power supply control 

10 circuit which controls the supply of electricity to respec- 
tive sensors with light emitting elements according to a 

: power supply control signal E1024 from the ASIC 
E 1006. The parallel l/F E001 6 transfers a parallel l/F 
signal E1030 from the ASIC E1 006 to a parallel t/F cable 

is e 1 031 connected to external drcuite and 

a signal of the parallel l/F cable E1031 to the ASIC 
E1006 The serial VFEG017 transfers va serial l/F signal 
E1028 from the ASIC E1006 to a serial l/F cable E1029 
connected to external circuits, and also transfers a sig- 

20 nal from the serial l/F cable E 1029 to the ASIC E1006. 
[0081] The power supply unit E0015 provides a head 
power signal (VH) E1039, a motor power signal (VM) 
E1040 and a logic power signal (VDD) E1041 . A head 



E1005. The CPU E1001 is connected to an ASIC (ap- 
plication specific integrated circuit) and a ROM E1004 
through a control bus E1014. According to a program 
stored in the ROM E1004, the CPU E1001 controls the 
ASIC E1 006, checks the status of an input signal E 1 01 7 
from the power key, an Input signal E1016 from the 
resume key, a cover detection signal E1042 and a head 
detection signal {HSENS) E1013, drives the buzzer 
ETO21 acroro^^ and 
checks the status of art ink empty detection signal 
(INKS) El 011 connected to a built-in A/D converter 
E1003 and of a temperature detection signal (TH) 
E 101 2 from a thermistor. The CPU El 001 also performs 
various other logic operations and makes conditional 



apparatus. 

[0078] The head detection signal E1013 is a head 

:: 1iali: 

;the 
E0011/ 

The ink empty detection signal E1011 is an analog sig- 
nal buip ut from the ink-erti^ Epod6i Tne'tem^ 
perature detection signal E 101 2 is an analog signal from 



the power supply unit E0015 to perform the ON/OF F 
control of the head power signal E 1039 and the motor 
power signal E1040. The logic power signal (VDD) 
E1041 supplied from the power supply unit E0015 is 
30 voltageoonverted as required and given to various 



[0082] The head power signal E1039 is smoothed by 
a circuit of the main PCB E0014 and then sent out to the 
flexible flat cable E0011 to be used for driving the print 
35 head cartridge H1000. E1007 denotes a reset circuit 
which detects a reduction in the logic power signal 
E 1041 and sends a reset signal (RESET) to the CPU 
El 001 and the ASIC E1 006 to initialize them. 
[0083] TheASICE1006isasing1e*chipsemiconduc- 
40 tor integrated circuit and is controlled by the CPU E1001 
through the control bus E1 01 4 to output the CR motor 
control signal E1 036, the PM controf signal E1033, the 
power supply control signal E1024, the head power ON 
signal E1022 and the motor power ON signal E1023. It 
45 also transfers signals to and from the parallel interface 
E0016 and the serial interface E0G17. addition, the 
ASIC E1006 detects the status of a PE detection signal 

-TanASFdetec- 



so a gap detection signal (GAPS) E1027 from the GAP 
sensor E0008 for detecting a gap between the print 
head and the printing detection sig- 

nal (PGS) E1 032 from the PG sensor E0010, and sends 
data representing the statuses of these signals to the 

&s CPU E1001 through the control bus E1014. Based on 
the data received, the GPU E1 001 controls the opera- 
tion of an LED drive signal £1038 to turn on or off the 
LED E0020. 
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[0084] Further, the ASIC E1006 checks the status of 
an encoder signal (ENC) E 1 020; generates a timing sig- 
nal, interfaces with the print head cartridge Hi 000 and 
controls the print operation by a head control signal 
E1021 The encoder signal (ENC) £1 020 Is an output 
signal of the CR encoder sensor E0004 received 
through the flexible flat cable E0012. The head control 
signal £1021 is sent to the print head H1 001 through 
the flexible flat cable £0012, carriage substrate E0013 
and contact FPC E0011, 

[0085] Fig. 9 is a diagram showing the relation be- 
tween Figs. 9A and 9B, and Figs. 9A and 9B are block 
diagrams showing an example internal configuration of 
the ASIC E1006. 

[0086] In these figures, only the flow of data, such as 
print oata and motor control data, associated with the 
control of the head and various mechanical components 
is shown between each block, and control signals and 
clock associated with the read/write operation of the reg- 
isters incorporated in each block and control signals as- 
sociated with the DMA control are omitted to simplify the 
drawing. 

[0087] In the figures, reference number E2002 repre- 
sents a PLL controller which, based on a clock signal 
(CLK) E2031 and a PLL control signal (PLLON) E2033 
output from the CPU E 1 001 , generates a clock (not 
shown) to be supplied to the most part of the ASIC 
E1006. 

[0088] Denoted £2001 is a CPU interface (CPU l/F) 
E2001 . which controls the read/wme operation of r<^is^ 
ter in each block, supplies a clock to some blocks and 
accepts an interrupt signal (none of theseoperations are 
shown) according to a reset signal £10 15, a software 
reset signal (PDWN) £2032 and a dock signal (CLK) 
£2031 output from the CPU E1 001 , and control signals : 
from the control bus £1014. The CPU i/F E2001 then 
outputs an interrupt signal (INT) £2034 to the CPU 
£1001 to inform it of the occurrence of an interrupt: within 
the ASIC E1006. 

[0089] E2005 denotes a ORAM wWtfi*^ 
eas for storing print data, such as a reception buffer 
£2010, a work buffer £2011, a print buffer £201 4 and a 
develpprneritb^ta buff er £ 

has a motor control buffer £2023 for rt»tpr control and, 
as buffers used instead of the above print data buffers 
during the scanner operation moda, a scanner input 
buffer E2024, a scanner data buffer £2026 and an out- 
put buffer E2028. 

[0090] The DRAM £2005 is also used as a work area 
by the CPU E1 001 for its own operation. Designated 
E20O4 is a^DRAM control unit £2004 which performs 
read/write operations on the DRAM £2005 by switching 
between the DRAM access from the CPU E1001 
through the control bus and the DRAM access from a 
DMA control unit £2003 described later. 
[0091] The DMA control unit £2003 accepts request 
signals (not shown) from various blocks and outputs ad- 
dress signals ^ 



case of write operation^ data £2038, E2041 , 
E2044, £2053, E2055, E2057 etc to the DRAM control 
unit to make DRAM accesses. In the case of read oper- 
ation^ the DMAcontrol unit E2003 transfers the read da- 
S ta £2040, £2043, E2045, E2051, E2054, E2056, 
E2058, £2059 from the DRAM control unit E2004 to the 
requesting blocks. 

[0092] Denoted £2006 is an IEEE 1284 i/F which 
functions as a bi-directional bommunication inte 
with external host devices, not shown, through the par- 
allel l/F £0016 and is controlled by the CPU £1001 via 
CPU J/F £2001. During the printing operation, the IE EE 
1284 i/F E2O06 transfers the receive data (PIF receive 
data £2036) from the parallel l/F £0016 to a reception 
control unit E2008 by the DMA processing. During the 
scanner reading operation, the 1284 l/F £2006 sends 
the data (1284 transmit data (RDPIF) E2059) stored in 
the output buffer £2028 in tine DRAM £2005 to the par- 
allel l/F £0016 by the DMA processing. 
[0093] Designated £2007 is a universal serial bus 
(USB) l/F which offers a bi-directional communication 
interface with external host devices, not shown, through 
the serial i/F E0017 and is controlled by the CPU £1001 
through the CPU J/F £2001 , During the printing opera- 
tion, the universal serial bus (USB) l/F E2007 transfers 
received data (USB receive data £2037) from the serial 
l/F £0017 to the reception control unit £2008 by the 
DMA processing. During the scanner reading, the uni- 
versal serial bus (USB) l/F £2007 sends data (USB 
transmit data (RDUSB) £2058) stored in the output buff- 
er E2028 in the DRAM £2005 to the serial l/F £001 7 by 
the DMA processing. The reception control unit £2008 
writes data (WDIF E2038) received from the 1284 l/F 
£2006 or universal serial bus (USB) l/F £2007, which- 
ever is selected, into a reception buffer wrfte address 
managed by a reception buffer control unit E2039. 
[0094] Designated £2009 is a compression/decom- 
pression DMAcontroller which is controlled by the CPU 
E1 001 through the CPU i/F £2001 to read received data 
(raster data) stored in a reception buffer E201 6 from a 
reception buffer read address managed by the reception 
buffer control unit £2039, compress or decompress the 
data (RpWK) £2040 according to a specified mode, arid : 
write the data as a print code string (WDWK) E2041 into 
the work buffer area. 

[0095] Designated E2013 is a print buffer transfer 
DMA controller which is controlled by the CPU £1001 
through the CPU l/F E2001 to read print codes (RDWP) 
E2043 on the work buff er £2011 and rearrange the print 
codes onto addresses on the print buffer £2014 that 
rriatch the sequence of data transfer to the print head 
cartridge H1 000 before transferring the codes (WDWP 
£2044). Reference number £2012 denotes a workarea 
DMA controller which is controlled by the CPU E 1001 
through the CPU l/F £2001 to repetitively write specified 
work fill data (WOWF) E2042 into the area of the work 
buffer whose data transfer by the print buffer transfer 
DM A controller £20 1 3 has been completed. 
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[0096] Designated E201 5 is a print data development tor control signal E1 036. 

DMA controller E2G15, which is controlled by the CPU [0102] Denoted E2022 is a sensor signal processing 

E1001 through the CPU l/F E2001 . Triggered by a data unit which receives detection signals E1032, E1025, 
development^ frorh a head cx^roi- /-.:. \ E1<&6 ar^^ 

unit E2018, the print data development DMA controller s the PE sensor E0007, the ASF sensor EOO09 and the 

E2015 reads the print code that was rearranged and gap sensor E0008, respectively, and transfers these 

written into the print buffer and the development data sensor information to the CPU E 1 00 T according to the 

written into the development data buffer ; E20 16 and mode ^ determined by the CPU El 001. The seiisbr signal 

writes enveloped ;^rtt (^HDGy E2045 into the processing unit E2022 also outputs a sensor detection 

column buffer E2017 as column buffer write data (WD- io signal E2052 to a DMA controller E2021 for controlling 

HDG) E2047. The column buffer E201 7 is an SRAM that LF/PG motor. 

temporarily stores the transfer data (developed print da- [0103] The DMA controller E2021 for controlling LF/ 

ta) to be sent to the print head cartridge H1000, and Is PG motor is controlled by the CPU E1001 through the 

shared and managed by both the print data develop- CPUI/FE2001 to read a pulse motor drive table (RDPM) 

ment DMA CONTROLLER and the head control unit is E2051 from the motor control buffer E2023 on the 

through a handshake signal (not shown). DRAM E2005 and output a pulse motor control signal 

[0097] Designed E201 8 is ai head control un^ E2Q1 6 E 1 033: Depending on th e operation mode, me controller 

which is controlled tiy the GPU E 1001 through the CPU outputs the pulse motor control signal E1033 upon re- : 

l/F E2001 to interface with the print tiea^ cartridge ceptioh of the sensor detection signal as a control tfig- 

H1000 or the scanner through the head control sighaf. 20 oger 

It also outputs a data development timing sigjnal E2050 [01 04] : DesignatedE2030 is an LED control unrt 

to the print data development DMA controller according is controlled by the CPU E1001 through the CPU l/F 

to a head drive timing signal E2049 from the encoder E2001 to output an LED drive signal E1038. Further, 

signal processing unit E201 9. designated E2029 is a port control unrt which is control* 

[0098] During the printing operation, the head control 2s led by the CPU E1001 through the CPU l/F E2001 to 

unrt E201 8, when It receives the head drive timing signal output the head power ON signal E 1 022, the motor pow- 

E2049, reads developed print data (RDHD) E2048 from er ON signal E1023 and the power supply control signal 

the column buffer and outputs the data to the print head E 1 024. 
cartridge H1000 as the head control signal E1 021 . 

[0099] In the scanner reading mode, the head control so 5. Operation of Printer 
unit E201S DMA-transfers the input data (WDHD) 

E2053 received as the head control signal E1 021 to the [01 05] Next, the operation of the ink jet printing appa- 

scanrier input buffer E2024 on the DRAM E2005 Des- ratus in this embodiment of the invention with m^ above 

ignated E2025 is a scanner data processing; DMA con- configuration will be explained by referring to the flow 

troller E2025 which is controlled by the CPU £1001 35 chart of Fig 10. 

through the CPU l/F E2001 to read input buffer read data [0106] When the printer body M1000 is connected to 

<RDAV) E2054 stored in the scanner Jhput buffer E2024 an AC power supply, a first initialization is performed at 

and writes the averaged data (WDAV) E2055 into the step S1 . In this initialization process, the electric circuit 

scanner data buffer E2026 on the DRAM E2005. system including the ROM and RAM in the apparatus is 

[01 00] Designated E2027 Is a scanner data compres- *o checked to confirm that the apparatus is electrically op- 

sion DMA controller which is controlled by the CPU erabie. 

E1001 through the CPU l/F E2001 to read processed [0107] Next, step S2 checks if the power key E0018 

data (RDYC) E2056 on the scanner data buffer E2026, on the upper case M1002 of the printer body M1000 is 

perform data compression, and write the compressed turned on. When it is decided that the power key E0018 

data (WDYC) E2057 into the output buffer E2028 for j s pressed, the processing moves to the next step S3 

transfer. where a second initialization is performed. 

[0101] Designated E2019 is an encoder signal [0108] In this second initialization, a check is made of 

processing unit which, when it receives an encoder sig- various drive mechanisms and the print head of this ap- 

nal (ENC), outputs the head drive timing signal E2049 paratus. That is, when various motors are initialized and 

according to a mode determined by the CPU E1001. so head information is read, it is checked whether the ap- 

The encoder signal processing unit E2019 also stores paratus is normally operable. 

in a register information on the position and speed of the [01 09] Next, steps S4 warts for an event. That is, this 

carriage M4001 obtained from the encoder signal step monitors a demand event from the external l/F, a 

E1 020 and presents it to the CPU E1 001 . Based on this panel key event from the user operation and an internal 

information, the CPU E1001 determines various param- ss control went and, when any erf 

eters for the CR motor E eeirtes the corresponding processihg 

CR motor control unit which is controlled by the <SPU [0110] When, for example, step S4 receives ^ print 

E1 001 through the CPU l/F E2001 to output the CR mo- command event from the external l/F, the processing 
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moves to step S5. When a power key event from the 
user operation occurs at step S4, the processing moves 
to step S10. If another event occurs, the processing 
moves to step S11. 

[0111] Step S5 analyzes the print command from the 
external l/F, checks a specified paper kind, paper size, 
print quality^ and others* and 

stores data representing the check result into the DRAM 
E2005 of the apparatus before proceeding to step S6. 
[01 12] Next, step S6 starts feeding the paper accord- 
ing to the paper feeding method specified by the step ^ 
S5 until the paper is situated at the print start position: 
The processing moves to step S7. 
[01 1 3] ; At step S7 the printing operation is ^rformed; 
In this printing operation/the print datia sent from the 
external i/F is stored temporarily in the print buffer: Then, 
the OR motor E0001 is started to move the carriage 
M4001 in the main-scanning direction. At the same time- 
the print data stored in the print buffer E2014 is trans- 
ferred to the print head H1 001 to print one line. When 
one line of the print data has been printed, the LF motor 
E0002 is driven to rotate the LF roller M3001 to transport 
the paper in me sub-scanning direction: After this, the 
above operation is executed repetitively until one page 
of the print data from the external l/F is completely print- 
ed, at which time the processing moves to step S8 
[011 4] At step S8, the LF motor E0002 is driven to ro- 
tate the paper discharge roller M2003 to feed the paper 
until it is decided that the paper is completely fed out of 
the apparatus, at which time the paper is completely dis- 
charged onto the paper discharge tray M1004. 
[011 5] Next at step S9, it is checked whether all the 
pages that need to be printed have been printed and if 
there are pages that remain to be printed, the process- 
ing returns to step S5 and the steps S5toS9are repeat- 
ed. When ail the pages that need to be printed have 
been printed, the print operation is onded and the 
processing moves to step S4 waiting for the next event 
[Oil 6] Step S10 performs the printing termination 
processing to stop the operation of the apparatus. That 
i$, to. turn off various motors and print head, this step 
renders the apparatus ready to be cut off from power 
supply and then turns off power, before moving to step 
S4 waitihig for the next event. 

[01 17] Step S1 1 performs other event processing; For 
example* this step performs processing corresponding 
to the ejection performance recovery command from 
various panel keys or external l/F and the ejection per- 
formance recovery event that occurs internally After the 
recovery processing is finished, the printer operation • 
moves to step S4 waiting for the next event. 

6. Head Configuration 

[0110] The construction and arrangement of; nozzles \ 
in the print head H1O01 used in this embodiment will be 
described: 

[0119] Fig. 11 is a schematic front view of the head 



used in this embodiment to realize high resolution print- 
ing. In this example, two parallel columns each; haying 
1 28 nozzles are spaced from each other in the main 
scan direction (carriage scan direction) and staggered 

5 or shifted by about 21 um from each other in the sub- 
scan direction (paper feed direction), with the^^l 28 noz- 
zles in each column arranged at a 600-DPI pitch (about 
42 um pitch). These two nozzle columns are used for 
' each color and therefore a total of 256 nozzles are used 

10 to achieve a 1200 DPI resolution for each color. Further, 
inthe example shown, the print head has 1 2 such nozzle 
columns integrally arranged side by side in the main 
scan direction to produce six colors with the 1 200 DPI 
resolution. In the process of rnanufacture, the columns 

15 of two adjoining colors are fabricated simultaneously in 
one chip and then three such chips are bonded side by 
side. Hence, the nozzle columns of two adjoining colors 
v in eacti chip (a set of black (Bk) and light cyan (LC), a 
set of light magenta (LM) and cyan <C) and a set of ma- 

20 genta(M) and yellow (Y)) have more similar driving con- 
ditions than other colors. 

7. Printing Method 

25 (0120) This printing method is explained assuming 
that the print head shown in Fig 11 for the use in this 
embodiment is capable of printing with a resolution of 
1200DP1, however, an input resolution in this example 
is 600DPI at the maximum, and the print head prints one 

so input data by 2 X 2 four pixels at the time of printing. 
Each data has five gradations, and the dot arrange- 
ments to each gradation are determined beforehand in 
2 x 2 pixels so that 5-leveI gradations are represented 
in the 2 x 2 pixel areas at the time of printing. In this 

ss case, as described about Fig. 22, there exist plural pat^ 
terns for *level1" to "level 3'. 

[0121] For example, in the case of pursuing, above 
all, smoothness of an image, it is recommended to form 
dot arrays in a single pattern for each gradation also 

40 concerning *leve!1 'to 'level 3*. In such a manner, each 
dot is most evenly arrayed as shown in Figs. T2A to 1 2G, 
therefore, the image can have uniformity. : ; 
[0122] However, in this way. some nozzles are fre^ 
quently used comparing with other. Namely, with the 

45 "level 1 " defined as shown in Fig. 12 A, only the odd- 
numbered nozzles are used (in this specification, unless 
otherwise mentioned, the nozzle generally refers to an 
ejection opening, a liquid passage communicating with 
the ejection opening and an element for generating en - 

50 ergy used to eject ink), and with the "level 3" defined as 
shown in Fig. 1 2G, a utilizing ratio of the odd-numbered 
nozzles to the even-numbered nozzles becomes 2 to 1 , 
and this shows the former is higher than the latter. If par- 
ticular nozzles are burdened heavier in this way, a life 

55 pt a multi-nozzle print head is shorten. 

[0123] Therefore, the printing apparatus in this em- 

zles and the oddrnumbered nozzles as even as possi- 
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ble. ent from this chart; in "pattern 2", variations in the cov- 

[0124] Fig. 1 3A to 1 3C show dot arranging patterns ering ratios tall wthih about 19%, even if 1- to 2-pixel ; 

where consideration has been taken hot to lose uniform- deviation in dot forming positions occurs between the 

ity of a whole image as much as possible while unifor- even- and odd-numbered rasters. Moreover, the cover - 

malizing such bu rdens Here, in each case of "level i • s ing ratio is about 45% as low as the value taken in "level 

to •level 3" shown in Figs 1 3A to 1 3C S two kinds of pat- 1 " even when 4-pixei deviation occurs, which makes the 

terns are alternately arranged so that the even- and odd- covering ratio lowest, however, a density change from 

numbered rasters are evenly printed. By using these the state without deviation (reference state) is approxi- 

patterns, it is possible to evenly burden the nozzles also mately a half of "pattern 1 " as the original covering ratio 

while keeping the uniformity of the image smooth. , , io without deviation is as tow as 60%. Further, since there 

[0126] However, these patterns bring about a harmful are 4 pixels before the covering ratio becomes the min- 

influence when deviation in dot forming positions occurs imum, it can be said that a probability in which dots are 

between the even- and odd-numbered rasters. deviated thereto is rather low compared with the case 

[0126] Rg. 1^ in "pattern 1". 

ence Here, in "level 1", these patterns show firstly tne is [01 30] Moreover, in the case of "pattern 1 not only 

states (Fig 1 4A) where there is no deviation in dot form- the variation in the covering ratios is large in amplitude 

ing positions between the even- and ocW^umbered but also the period is short Therefore;: even a slight ■ 

rasters and then the states (Figs, 1 4B to 14D ) Where change in tern^ 

only even-numbered raster is shifted or deyiatecTtq the : : printing operation varies the covering ratio every mo- 
left pixel by pixel in the respective cases. Moreover, 20 ment, namely the image density. As opposed to this, in 
these patterns are in line with the actual ink dot forming the case of 'pattern 2\ the covering ratio is almost stable 
of the printer used in this embodiment, and the dot di- within a deviation range of ±2 pixels, and also the vari- 
ameter is made to 45 urn with respect to pixel size of ation cycle of the covering ratio is as long as 8 pixels 
21um in print resolution of 1200DPI. From these results, and the amplitude is small, therefore, the variation in 
it can be seen that the individual dots are completely 25 density due to dot deviation is smalL 
separated from each other in the state without deviation [0131] Moreover, in any arranging pattern of Figs. 1 2A 
(Fig: i4A) > while one-pixel deviation causes overlaps of to 12C, 13A to 13G, and 16Ato16C, the whole image 
dots (Fig. 14B), and two-pixel deviation makes them is almost buried with the gradations of "level 2" shown 
overlap almost in line (Fig. 14C). The area where the in Figs. 12B, 13B,and 16Bor higher, therefore, there is 
ground portion of the printing medium appears as it is so little difference in the covering ratio among them. Name- 
(blarik paper area) increases by the overlapped portion, ly it can be considered that it is only in the case of "level 
and this is visually perceived as a decrease in density. 1 ■ in this embodiment that a change in the covering ratio 
And the blank area peaks at two-pixel deviation, and the appears due to deviation in dot forming positions and 
covering ratio increases again at three-pixel deviation exerts a harmful influence on the image. 
(Fig. 14D) and the overlap is reset at four-pixel devia- [0132] From the above, it can be said that the dot ar- 
tkm ranging patterns in the case of "pattern 2" as shown in 
[0127] Fig 15 shows the relation between the cover- Figs. 16A to 16C are effective as measures to density 
ing ratio and the dot deviation, and the relation in the variation resulted from the deviation in dot forming po- 
case of "pattern 1 " is shown by the broken line. Thus, it sitions between the even- and odd-numbered rasters, 
can be seen that when the dot arranging patterns as 40 [0133] In the printing apparatus in this embodiment, it 
shown in Figs. 1 3A to 13C are used, the covering ratios is effective to enable a user to start registration process- 
are varying from 45% to 70% in amplitude. ing (hereafter called user registration) to the deviation 
[0128] Figs. 16Ato 16D show dot arranging patterns in dot forming positions between the even- and odd- 
improved oh Figs. 1 3A to 13C. Since there are already: numbered rasters and to enable the user to set an ad- 
overlapping portions with adjacent dots from the step of & justing value for the user registration as necessary. This 
"level 1" the covering ratio is lower than the cases in can be carried out, for example, as follows. 
Figs 1 3- Although the uniformity is inferior to that of the [01 34] Fig. 23A shows a sequence of steps performed 
arranging patterns in Figs. 13, which is not actually per- by the user registration. Fig. 23B schematically illus- 
ceptible at the print resolution of 1200DPI. since these trates a system comprising a host device and a printing 
figures are the enlarged views either way. #> apparatus to show the data flow during the user regis- 
[0129] Figs. l7Bto17DandFigs.18Ato18Dillustrate tration. 

the states of an image in the case that in "level 1", the [0135] Using a printer driver PD, or a utility program, 

even-numbered rasters have been deviated pixel by pix- operating on a predetermined operating system OS of 

6 | f rom one pixel up to 7 pixels with respect to the odd- a host device HOST, which may be a personal computer, 

numbered raters starting with the state without deviation ss the user selects a registration mode with an input/dis- 

<Fig::1^ play means CNSt including key, pointing device and 

ratios and the deviation amounts inthis case are shown display (step S2201 ) Then, the user sets a sheet of pa- 

by the cwtinudus line as ^tter 2' in Fig 15: As appar- per in the printerbddy M l 000 and starts the printer (step 
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52202) . The printer control unit PRC sends predeter- is set up to -3 pixels (63 urn). The user can choose the 
mined data to a drive unit HD of the head H 1001 ; which most smooth pattern from among the range "+7" to 
then forms a pattern (Fig. 24) for registration (step [0139] It is possible to cope with variation in dot form- 

52203) . Checking the printed pattern; the user enters ing position with elapse of time* due to durability of the 
an appropriate value into a predetermined area on the s head by such a means. 

printer setting screen of the host device HOST (step [0140] However, it is difficult to cope in real time with 

S2004). The host device HOST triggered by a com- the deviation of dots varied by a rise in temperature dur- 

mand from the printer driver PO, transfers the registrar ing printing by the ^ above-mentioned user registration: 

tion data to the printer control unit PRC (step S2205). The most principal object of this embodiment is to sup- 

The transferred registration data is stored in the EEP- io press detorioration in image quality caused by about 1 - 

ROM 100 in the printer body (step S2206). or 2-pixel deviation in dot forming positions resulting 

[0136] Fig. 24 shows patterns output by the user reg- from a temporary temperature rise etc. during printing 

istration. in the figure, columns A to E are patterns for by applying the above-described dot arrangement, 

the for the registration between the even- and odd num- [0141] As described above, double measures are 

bered nozzle columns (O/E registration) of colors of the is adopted in this embodiment to prevent the image quality 

head H1001 , with the column A corresponding to black, from deterioration resulting from the deviation in dot 

column B to cyan, column C to magenta, column D to forming positions between the even- and odd-numbered 

light cyan and column E to light magenta. Yellow is omit- rasters 

ted from the user registration patterns because the vis- [0142] Moreover, in the case of "pattern 2", variation 
uaf check on a yellow pattern is difficult to make and 20 in a covering ratio when deviation appears is sup- 
because the dot position deviations of yellow do not pressed by properly overlapping adjoining pixels from 
pose so serious a problem as other colors. As described the dot arrangement in the reference state. In this case, 
in Fig. 11, the nozzles for yellow are formed in the same it is possible to make the cycle longer and reduce the 
chip in which nozzles for magenta are formed and there- amplitude by providing pattern arrangements of the ■ley- 
fore the drive condition for yellow nozzles is similar to 2s el 1 "in Fig 1 2 wrth a longer cycle and randomness. How- 
that for the magenta nozzles. In this embodiment, there- ever, when the cycle becomes long enough to reach a 
fore, at step S2205 in Fig. 23A the same values as the visually confirmable level, there is a fear of being con- 
registration data for magentaare transferred to the print- firmed as a texture Therefore, the cycle should be set 
er body. Hence, the data stored in the EEPROM 100 at to a high or low frequency which is not perceivable by a 
step S2206 covers six colors. V 30 visual characteristic of a human being, and the "pattern 
[0137] The numbers "+7" to "-3" on the left side of Fig. 2* is correspond to the former To set the cycle to a low. 
17 represent the adjustment values for registration and frequency side, it is achievable by using a random ar- 
the patterns with these adjustment values are the same. rangement construction by providing it with a sufficient 
The patterns with these adjustment values, however, capacity of memory 

are printed by differentiating the relative ejection timings 3S [01 43] In this embodiment, 'pattern 2" is considered 

between the even-numbered nozzle column and the as sufficient for the purpose of surely correcting the 1- 

odd-numbered nozzle column. In the printer of this em- to 2-pixel deviation area. In the case of 'pattern 2" as 

bodimehi the miniriiMm uhit lpr adju^ shown in Fig. 1 5, the covering ratio has a cycle of 8 pix- 

and the ejection timing is changed in increments of one els, therefore, when dot deviation occurs, this cycle is 

pixel. If the adjustment value for the O/E registration is 40 perceived as vertical stripes. However, it can be judged 

stored in the EEPROM 200 (Fig. 23B) at time of ship- as Insignificant since this width Is about 168um. 

ment, the patterns at the "0" position (default value) are [0144] As explained above, aocoi^ing to this embod- 

printed with the adjustment value that was set at time of iment, it is possible to put the differences in the covering 

shipment from factory. ratio of printed dots to 10% or less and prevent image 

[0138] As for other adjustment values ?+7"tq "+1 ' and 45 quality deterioration resulting from changes in density 

"-1 • to "-3", the ejection timing of the odd-numbered noz- due to deviation In dot positions even when the dot po- 

zle columns is changed from the default value to +7 pix- sitions formed by the even- and odd-numbered rasters 

els and to -3 pixels in increments of one pixel, with the are deviated from each other by one to two pixels, by 

ejection timing of the even-n umbered nozzle columns printing with a print resolution of 1 200DP1 according to 

fixed. The + direction is for increasing the ejection timing so the plural pattern arrangements shown in Fig. 13 to the 

time difference between the even -num be red nozzle col- 5-valued input resolution of 600DPI. 

umn and the odd-numbered nozzle column. As already [01 45] Moreover, in practical printing operation, it can 

mentioned, as the face of the head between the even- be performed by software of the CPU E1001 and also 

numbered nozzle column and the odd-numbered nozzle proper hardware, for example, a part of the circuit of the 

column is bulged by ink swelling or temperature rise , the ss ASIC E1008 to allocate input image data quantized into 

two columns tend to widen with elapse of time: Thus, multi-valued levels N X ^lytgj^^^^^in -.-thtis >ombodi moot) ■ 

the adjustment range in the plus direction is set large, dot arrangement as pseudo half-tone processing, to use 

up to 7 pixels (about 147 jim), and the minus direction the mutually different plural dot arrangements concemv 
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ing the same level of the input image data at the time of 
the alloc^tipn, and to ^ripdicallly yawing the p I ural dot 
arrangements in the main scanning direction according 
to predetermined rule and also equalize the number of 
dots m adjoining N rasters in the one cycle, 
[0146] Namely, in order to let the covering ratio vary 
like in the case of "pattern 2', for example/ it is possible 
to store in the development data buffer E20T8 before- 
hand the mutually different plural dot arrangement data 
(dot arranging patterns as shown in Figs. 16) which have 
been defined for each level of the input data, let the print 
data development DMA controller E2015 manage the 
use of these data according to the input data, periodi- 
cally vary the plural dot arrangerhents in the m scan- 
ning direction according to the predetermined rule, and 
carry out printing of print data expanded in the'- print buff- 
er E201 4 while equalizing the number of dots in the ad- 
joining N rasters in the one cycle This is the similar with 
the embodiment described below. 

8. Another Embodiment 

[0147] Nexti the second embodiment of the present 
invention will be explained This embodiment relates to 
a registration mechanism In the case of performing bi- 
directional printing by the interfaced p^ 
in the conventional example. 

[0148] As explained referring to Fig. 21 as an exam- 
jpiei i a tiarmful influence to the dot deviation of 

between the even- and odd-numbered nozzle columns 
In the first embodiment is exerted on interlaced bi-direc- 
tional printing if deviation occurs in dot forming between 
forward and backward scanning. 
[0149] Each color nozzle of the print head to be used 
in thi6 embodiment is arrayed in a line at 600DPI pitches, 
and it is assumed that an image of 1200 DPI can be re- 
alized by the printing method shown In Fig. 21. Similarly 
to the first embodiment, a practical input resolution is 
600DPI at the maximum, and one input data is printed 
in 2X2 - four pixels: From this embodiment also, the 
same effect as that from the first embodiment can be 
obtained by using the dot arrays shown in Figs 1 6 
[0150] The printing apparatus in this embodiment is 
provided with a user registration means similar to the 
one in the at^ against 
deviation in dot forming positions in bi^irectiorral print- 
ing, and a user can thereby adjust the deviation as nec- 
. essary. variation with elapse of time in the dot forming 
position of forward and backward printing resulting from 
durability of the print head can be coped with by such a 
means. 

[0151] However, it is difficult to cope with the dot de- 
viation of forward and backward printing in real time var- 
ied due to a rise in temperature during printing by the 
above-mentioned user registration. The most principal 
purpose of this erhbodiment is to prevent image quality 
deterioration resulting from one to two pixel deviation in 
dot forming posit ions between the forward and back- 



ward printing i caused toy a temporary temperature rise 
etc, duringprinting by applying the dot arrangements ex- 
plained above. Thus, in this embodiment also, the image 
quality deterioration resulting from deviation in dot form- 
ing positions between the forward and backward print- 
ing is prevented by the double measures. 
[0152] In this embodiment also, it is possible to reduce 
a change in density by providing the pattern arrange- 
ments shown in Fig. : 22 with randomness. However, 
when a random pattern cycle becomes long enough to 
reach a visually corifinrriable level, then, there is a fear 
of being confirmed as a texture. Therefore, the cycle 
should be set to a high or low frequency which is not 
perceivable by a visual characteristic of a human being, 
and the 'l^tterri 2 B is correspond to the former. To set 
the cycle to a low frequency side, it is achievable by us- 
ing a random arrangement construction by providing it 
with a sufficient capacity of memory 
[01 53J; In this embodiment 'pattern 2' is considered 
as sufficient for the purpose of surely correcting the 1- 
to 2-pixel deviation area. In the case of 'pattern 2" as 
shbvmin^ 

els, therefore, when dot deviation occurs, this cycle is 
perceived as -However, : it cari- be judged 

as insignific^ 168um. 
[0154] As explained above, in the printing apparatus 
for carrying out the interlaced printing method In t>i-«ii-. 
rectibnal printing in accordanc this- embodiment, 
it has become possible to put the differences in the cov- 
ering ratio of printed dots to 10% or iess and suppress 
image quality deterioration resulting from changes in 
density due to deviation in dot positions even when the 
bi-directionally printed dot positions are deviated from 
each other by one to two pixels, by printing with a print 
• resolution of 1 200DPI accord ing to the pi ural pattern ar- 
rangements shown in Fig. 13tothe5-valued input res- 
olution of 600DPI. 

■ 9. Further De^c :■- . • 

[0155] incidentally, one form of the head to which the 
present "invention can be effectively applied is the one 
that utilizes thermal energy produced by an electrother- 
mal transducer to c^use film boiling in liquid thereby 
generating bubbles. 

[0156] Moreover^ the scope of the present invention 
also includes a print system in which program codes of 
software or printer driver that realize the function of the 
above embodiment are supplied to the computer in a 
machine or system to which various devices including 
the printing apparatus are connected, and in which the 
program code stored in the computer in the machine or 
systerh are execuled to iterate a vari&y of devices, 
thereby realizihg the function of the abpye^escribed 
embcxJirnent; 

[01 67J ; In this case, the program cedes th^ 
alize a novel functidri of the present invention and there- 
fore the program ^ codes themselves and means to sup* 
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ply the program code to the computer, such as storage 
media, are also included In the scope of this invention. 
[0158] The storage media to supply the program 
codes include, for example, floppy disks, hard disks, op- 
tical disks, optical disks, GD-ROMs, CD-Bs, magnetic 
tapes, nonvolatile memory cards and ROMs. 
[01 59] The scope of this invention includes not only a 
case where the function of the above-described embod- 



by the computer but also a case where an operating sys- io 2. 
tern running on the computer performs; according to di- 
rections of the program codes, a part or all of the actual 
processing and thereby realizes the f ijjrict.i^J em- 
bodiment 

[01 60] Further, the scope of this invention includes a is 
case where the -program W a storage me- 

dium are written into a memory in a function expansion 3. 
board inserted in the computer or into a memory in a 
function expansion unit connected to the computer, after 
which, based on directions of the program codes, a GPU 20 
in the function expansion board or function expansion 
unit executes a part or all of the actual processing and 
thereby realizes the function of this embodiment. 
[0161] As explained above, according to the present 
invention, it has become possible to suppress deteno- 25 
ration of image quality occurring in the case of deviation 4. 
in dot forming positions between each raster, while us- 
ing a head comprising plural ejection openings arranged 
in the main scanning direction and permitting high res- 
olution printing, or while bi-directionally executing an in- 20 
terlace printing method. 

[0162] The present invention has been described in 
detail with respect to preferred embodiments, and it will 
now be apparent from the foregoing to those skilled in 
the art that changes and modifications may be made & 
without departing from the invention in its broader as- 
pect, and it is the intention, therefore, in the apparent 
claims to cover all such changes and modifications as 
fallwithin the true spirit of the invention. 5 



Claims-. ': 

1. A printing method using a print head on which a plu- 
rality of print elements are arranged, said method 
characterized by comprising the steps of: 

forming an image on a printing medium by 
scanning said print head in a direction different 
from said arranging direction of the plurality of 
print elements and forming adjoining N rasters 
of the image in said arranging direction under 
different conditions; and 
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applying a plurality of said dot arrangements 
mutually different from each other to a sam e 
level of said input image data; 
cyclically changing said dot arrangement in 
said scan direction according to predetermined 
rules, and 



N rasters in the one cycle. 

A printing method as claimed in claim 1 , character- 
ized in that in said equalization step, differences in 



dots are within 10% or less in a range where said 
adjoining N rasters are deviated from each other by 
at least ±2 pixels in said scan direction, 

A printing method as claimed in claim 1 or 2, char- 
acterized in that said print head has N columns of 
print elements arranged side by side in said scan 
direction, said N columns of print elements are shift- 
ed from each other by an amount less than a pitch 



umn, and said N columns of print elements print 
said N rasters. 

A printing method as claimed in claim 1 or 2, ctiar? 
acterized in that said method is applied to an appa- 
ratus, in which said print head is operated to scan 
said printing medium in said forward and backward 
directions,? 

lis ' 

tion perpendicular to said scan directions by quan- 
tities for printing at a density higher than the arrang- 
ing density of said plurality of print elements be- 
tween said forward and backward sc^|t||^||ind the 
printing of said N{= 2) rasters is carried out by the 



A printing method as claimed in any one of claims 
1 to 4, further characterized by comprising a step of 
carrying out an adjustment of drive timings to said 



ti-valued levels to N X N dot arrangements as 
pseudo half-tone processing before said image 
formation; said allocating step having the steps 



so 7. 
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. A printing method as claimed in any one of claims 
1 to 5, characterized in that said print head is the 
one which carries out printing by ejecting ink, and 
said print elements have ejection openings tor 
ejecting said ink. 

A printing method as claimed in claim 6, character- 
ized in that said print head has heating elements to 
generate thermal energy for causing film boiling in 
ink as an energy for ejecting ink from said ejection 
openings. 

A printing apparatus using a print head on which a 
plurality of print elements are arranged, said appa- 
ratus characterized by comprising: 



31 



EP 1 079 327 A2 



32 



a unit for forming an image on a printing medi- 
um by inning said print head in a direction 
different from said arranging direction of the 



14. 



lion under different conditions, and 
a unit for allocating input image: data quantized 
into multi-valued levels to N x N dot arrange- 
ments as pseudo half-tone processing before 
said image formation; said allocating unit ap- 
plying a plurality of said dot arrangements mu- 
tually different from each other to a same level 
of said input image data, cyclically changing 
skid dot arrangement in said scan direction ac- 
cording to predetermined rules, and equalizing 
the number of dots of said adjoining N rasters 
in the one cycle. 

A printing apparatus as claimed in claim 8, charac- 
terized in that said allocating unit, in said equaliza- 
tion process^ in a covering ratio 
of said printing medium with formed dots within 10% 
or less in a range where said adjoining N rasters are 
deviated from each other by at least ±2 pixels in said 
sc^; direction; . •• 



10. 



^char- 
acterized in that said print head has N columns of 
pr«it: elements arranged side by side in said scan 
direction, said N columns of print elements are shift- 
ed from each other by an amount less than a pitch 
at which said print elements are arranged in the col- 
umn, and said N columns of print elements print 
said N rasters. 



acterized in that said print head is operated to scan 
said printing medium in said forward and backward 
directions, and image formation is carried out by rel- 
atively transporting said printing medium in a direc- 
tion perpendicular to said scan directions by quan- 
tities for pnntmg at a density higher than the arrang- 
ing density of said plurality of print elements be- 
tween said forward and backward scanning, and the 
printing of said N(= 2) rasters is carried out by the 
scanning in said forward and backward directions. 

12. A printing apparatus as claimed in any one of claims 
8 to 11 - further characterized by comprising means 
for carrying out an adjustment of drive timings to 
said plurality of print elements in said N rasters. 

13, A printing apparatus as claimed in any one of claims 
8 to 12, characterized in that said print head is the 
one which carries out printing by ejecting ink, and 
said print elements have ejection openings for 

; ejecting said ink. 



A printing apparatus as claimed in claim 13, char- 
acterized in that 6aid print head has heating ele- 
ments to generate thermal energy for causing film 
boiling in ink as an energy for ejecting ink from said 
ejection openings. 
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by using a print head on which a plurality of print 
elements are arranged, said method characterized 
, 10 by comprising the steps of: 

controlling said print head to form adjoining N 
• rasters of an irnage in said arranging direction 
of the plurality of ^ 

* s conditions whenthei image on ia printing medi- 

um is fbimed by scanning! said print head in a 
direction different from said arranging direction; 
: and : ' . " : 

allocating input image data quantized into mul- 

20 ti-valued levels to N X N dot arrangements as 

pseucto haif -tone processing bejfore said image 
formation; said alkxjating step having the steps 
of: 

applying a pi urality Of said dot arrangements 
25 mutually different from each other to a same 

level of said inputs 

cyclically changing; said dot arrahgement in 
said scan direction according to predetermined 
rules, and : 

30 equalizing the number of dots of said adjoin ing 

N rasters in tf*e one cycle. 

16. A program for performing a control method of a 
printing by means of a computer, said apparatus for 
3f printing by using a print head ^ plurality of 

print elements are arranged, said method charac- 
terized by comprising the steps of: 

controlling said print head to form adjoining N 

40 rasters of an image in satd Arranging direction 

of the plurality of print elements under drffefent 
conditions w^ .' 
urn is formed by : scanning said print head in a 
direction different from said arrange 

4* . arid" v - " ■*; ; ..VV" 

allocating input image data quantized into mul- 
ti-valued levels to fsl X N dot arrangements as 
pseudo half-tc^e p said image 

formation; said allocating step having the steps 

so of: 

; applying a plurality of said dot arrangements 
mutually different from each other to a same 
level of said input irnage data; 
cyclically changing said dot arrangement in 

55 said scan direction according to predetermined 

rules; and:. 

equalizing the number of dots of said adjoining 
N rasters in the one cycle; 
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1 7. A printing apparatus for use with a print head having 
a plurality of print elements aligned in a first direc- 



means for forming an image on a printing me- 5 
dium by scanning the print head in a direction 
different to the first direction and forming adjoin- 
ing rasters of the image; and 
processing means for performing pseudo half r 
tone processing in which dot arrangements are io 
allocated to pixel data having multiple density 
level values^ the number of dots in the dot ar- 
rangement for each pixel being dependent on 
the density level value of the pixel, 
wherein the processing means is arranged to is 
cyclically change the dot arrangement for each 
density level value so as the equalise the 
number of dots formed in adjoining rasters in 
one cycle. 
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